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ABSTRACT
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A study of the effect of x-axis accelerations on the human body in
relation to the arterial blood oxygen saturation as measured with the ear
oximetry technique is reported. Preliminary observations as to the effect
of EBO (-Gx), EBI (+Cx), and EBL (+Gy) accelerations on venous blood pressure
inside the thoracic cavity near the right atrium, and arterial blood pressure

peripherally are also presented.
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INTRODUCTION

Responses in the cardiovascular system to sustained acceleration stress
applied to the human body at a right angle to the spinal axis and along the
x-axXxis of the body are not remarkable when one considers only the arterial
blood pressure and heart rate changes. When one considers the right atrial
venous blood pressure, arterial blood oxygen saturation, and cardiac rhythm,
then there are some remarkable changes which differ according to how the
acceleration force is applied, i.e., EBO (-Gx) or EBI (+Gx) (ref. 1). The
arterial blood oxygen saturation, however, is as much a measure of the
pulmonary system efficiency under these stresses as it is an indication of
the status of the cardiovascular system.

Reference 2 reported evidence obtained by chest x-rays that there were
marked shifts in the distribution of blood in the pulmonary circulation during
EBI (4Gx) accelerations. Reference 3 similarly reports shunt effects in the
pulmonary circulation during EBI (+Gx) acceleration and ascribes the cause to
circulatory congestion with alveolar collapse or atelectasis. References 4
and 5 pointed out that

acceleration and essentially normal during EBO (-Gx) acceleration.
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In the light of the evidence of pulmonary circulation changes and the
diminished alveolar ventilation, it is not surprising that there is an
arterial oxygen desaturation during IBI (+Gy) acceleration.®,%:,%,7,8

Since the alveolar ventilation has been shown to be normal during EBO (-Gx)
acceleration,4 it was rcasonable to assume that the arterial oxygen saturation
would also remain normal. Some preliminary data substantiating this viewpoint
arc reportced in reference 5.

Lindberg, et al.,®found a striking increase in right atrial pressure in
subjects during EBI (+Gx) acceleration. The increase in atrial pressure became
greater with a greater magnitude of accelceration and at 5 g rcached a value
four'times that found at 1 g. Again the right atrial pressures were compared
during EBO (-Cy) and EBI (+Gy) accelerations. It was felt that since the
causes for the increase in right atrial pressure during EBI acceleration (that
of an increased blood volume in the thorax together with the compression of the
thorax and decreased respiratory excursions of the thorax and diaphragm) do not
appear during EBO acceleration, venous pressure should increase very little.

It was of addltional interest to explore by means of a few preliminary
tests the effects of lateral acceleration (y-axis) on the blood oxygen saturation
as well as venous pressures.

The effects of transverse acceleration on cardiac rhythm has been previously

described in reference 5.
METHODS

The blood oxygen saturation during transverse acceleration is measured with

the same degree of accuracy by means of the ear oximeter as it 1s with the
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cuvette method.* The technique used for both methods is described in reference 9.
In this study the housing of the ear oximeter device was modified so that it
could be used under the dynamic conditions of acceleration. Calibrations were
carried out prior to each run on the centrifuge and the results were recorded

on an 8 channel Brush recorder in terms of percent saturation.

To measure the venous pressures a No. 50 polyethylene catheter was introduced
into the basilic vein at the elbow of the right arm and passed toward the heart
until its tip was in the superior vena cava just outside the right atrium. A
Statham pressure transducer was attached to this catheter and located at the
level of the superior vena cava so that no hydrostatic head existed. The trans-
ducer was calibrated with the recorder to indicate venous pressures in milli-
meters of Mercury. It was not possible to introduce the catheter in the right
basilic vein of the particular subject chosen for the lateral acceleration ruans,
80 the left basilic vein was entered instead, and the tip of the catheter rested
in the left innominate vein.

Arterial blood pressures were recorded by means of an autosphygmomanometer
device. 10 A photocell device attached to the ear was used to measure relative
changes in arterial systolic blood pressure in lieu of the ear oximeter device
during the lateral acceleration runs.

The tests were conducted on the University of Southern California human
centrifuge equipped with a two-position support, the pilot restraint system of

reference 11 and the physiological instrumentation system of reference 12 (fig. 1).

*Based on a private communication from Dr. E. H. Wood, Dept. of Physiology,

Mayo Foundation.
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The length of the data runs (from 1.0 to 1.5 minutes) was dependent on an assess-
ment of the data as it eppeared on the recorder at the operator's station.
Vectorcardiograph studies were made using a special vectorcardiograph
computer and a Sanborn recorder. This computer was constructed by the
Stanford Research Institute under NASA Contract NAS2-526. The data obtained
will be the subject of a separate publication.
A total of 8 subjects was used in this study: 6 were qualified test pilots;
the other two, used primarily for the venous blood pressure studies, were

medical students.

RESULTS AND DISCUSSION

Oximetry

The results of the oximetry studies under EBI (+Gx) accelerations verified
the findings of previous investigations. At the 4 g level EBI (4Gx) only
small increments of desaturation were demonstrated. However, at 6 g EBI (+Gx)
the oxygen saturation decreased from around 96 percent at the onset of
acceleration to as low as Tl percent after 70 seconds at maximum acceleration.
Table I illustrates the ranges of desaturation in the 8 subjects for both
EBI (+Gx) and EBO (-Gx) acceleration. During EBO (-Gx) acceleration the arterial
blood oxygen saturation increased in two subjects, probably because of a tendency
to hyperventilate mildly during EBO (-Gx) acceleration.

It should be mentioned that quite frequently the chest support of the anterior
restraint (ref. 11) is fastened too tightly over the subject. This causes a
restriction of the thoracic cage and a diminished vital capacity and tidal volume

even at 1 g. As a result during EBO (-Gx) acceleration a mild arterial blood
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oxygen desaturation could and did take place. This can be avoided through more
careful fitting and adjustment of the anterior support of the restraint system.
Figure 2 is a time history of subject J. E. showing the arterial blood

oxygen saturation during runs of 6 g EBO (-Gyx) and 6 g EBI (+Gx).

Venous Blood Pressure

Because of the limited number of subjects available for the venous
pressure studies under EBO (-Gy) and EBI (+Gx) (2 subjects) only preliminary
data can be submitted, and because of difficulty in entering the right basilic
vein of one subject, only data from one subject is submitted. The subject D. W.
had the catheter inserted in the left basilic veln with its tip located in the
left innominate vein. The location of the catheter tip in subject S. R. was
such that no variation in the 1 g venous pressure was found to occur when
his position was changed from 1 g normal to 1 g EBO (-Gx) and 1 g EBI (+0x).

Figure 3 is a time history of the venous blood pressure measured with the
catheter tip in the superior vena cava just outside the right atrium of the
heart in subject S. R. At 4 and 6 g EBO (-0x) there is only a slight
(5 mm of Hg) increase in venous pressure as compared to 1 g. During L4 and 6 g
EBI (+Gx) increases of approximately 20 mm are shown over the 1 g level. The
marked elevation in the SVC pressure Jjust before the onset of acceleration for
the 6 g EBO (-Gx) run was caused by an inadvertent Valsalva meneuver by the
subject.

It is admittedly hazardous to venture an opinion from the results of a
single series of EBO and EBI runs using Jjust one subject. Further investigations
are needed to determine the effect of these two differently applied transverse
accelerations on various blood pressures at or near the right atrium, but it

is interesting, however, to note the trend in this one subject.



Iateral Acceleration Studies

As previously stated the photocell ear pulse device was substituted
for the ear oximeter during the lateral acceleration studies on subject D. W.
This device demonstrated the usual rise in arterial pressure during trans-
versely applied accelerations along the x-axis of the body. These changes as
meesured by this device are expressed as relative increases in blood pressure
since it is not possible at this time to calibrate the device for absolute
values. Figure 4 is a time history of the acceleration and the chenges in
relative arterial systolic blood pressure measured in mm of Hg during a
4 g EBL (+Gy) run. Figure 5 is a time history of the venous blood pressure
in the same subject measured with the catheter tip in the left innominate wvein
during 2, 3, and 4 g EBL runs.

Remarkeble changes in both systolic arterial pressure and venous pressure
are demonstrated in the subject during the 4 g EBL (+Gy) acceleration.

These changes demonstrate the extreme sensitivity of the cardiovascular system
to lateral accelerations and the possible detrimental effects.

There has always been abundant evidence that the cardiovascular system
with its fluild medium is extremely vulnerable to the increased forces of
gravity during sustained moderately high acceleration stress. The effective
remedy for this vulnerability was considered to be the proper orientation of
the body in the acceleration field, and the rise in arterial blood pressure,
which is seen when the body is oriented with its x-axis in the direction
of the inertial forces, would suggest that this orientation is advisable.
Little consideration, however, has been given to the possibility of detrimental

effects of this orlentation on both cardiac rhythm and venous pressures
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if the direction of the application of these forces is not considered adequately.
That EBI (4Gx) acceleration causes increases in intrathoracic and right atrial
pressures has been amply shown. That EBO or (-Gx) acceleration does not cause
this same increase in venous pressure is suggested by the one subject reported
in this study. The fact that premature ventricular contractions are frequent
during exposure to EBI (+(x) and rare during EBO (-Gx) acceleration would also
indicate the necessity for qualifying the direction of the x-axis tolerance to
acceleration more specifically (ref. 1).

Lateral accelerations, i.e., those applied transversely to the spinal
axis of the body along the y-axis, apparently cause marked alterations which
are detrimental to both arterial and venous pressures. This type of applied

acceleration should receive more thorough investigation 1n the future.
SUMMARY AND CONCLUSIONS

Cardiovascular function during acceleration applied trensversely to the
spinal axis of the body varies according to the direction of the application
of the inertial forces. It is quite well established that the arterial blood
oxygen saturation is diminished markedly during EBI (+Cx) accelerations. Like-
wise, it is apparent that the venous blood pressure in the thorax at the level
of the superior vena cava and the right atrium is elevated about 20 mm of Hg
over that found at 1 g when the individual is subjected to 4 to 6 g
EBI (+Gx) acceleration. When the acceleration stress is of the EBO (-Gx)
variety, the arterial blood oxygen saturation is not abnormal and the venous

pressures on the superior vena cave and right atrium are not elevated.
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Iateral accelerations of the EBL (+Gy) variety probably cause a decrease
in the arterial as well as the venous blood pressure.

Cardiac rhythm irregularities in the form of premature contractions, often
originating in the ventricle, are more frequently the result of EBI (+Gx)

acceleration and are rarely seen during EBO (-Gx) accelerations.
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TABLE I.- ARTERTAL BLOOD OXYGEN SATURATION DATA ON 8 SUBJECTS

AT 1 g AND 6 g EBO (-Gy) AND EBI (+Gx)

Blood O- percent Blood O- percent saturation at 6 g
Subject saturation at 1 g

EBO EBI
J.E. 9k.5 93 Th
G.H. 96.0 86 7
G.N. 96.0 88 71
S.R. 95.5 100 81.5
R.I. 96.0 100 91.5
D.W. 98.0 99.5 86.5
R.G. 99.0 87.0 81.5
G.S. 96.0 97.5 79.0




Figure 1.- Subject
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